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EXECUTIVE SUMMARY 
 
This report provides a review of the literature as a lead activity within the project 
Evaluation of Freight Corridor Mode Performance. 
 
The project hypothesis is that the transport planning and freight transport decision 
making processes could be more well informed by developing a model that represents in 
detail the process of mode selection for corridor freight movements, using key 
performance indicators.  The overall project aim is to develop a framework for such a 
model and is to include a freight corridor in Queensland as a case study. 
 
The parties involved in the freight corridor mode selection system include: 
 
• the freight customer; 
• the freight transport service provider; 
• the freight corridor access provider; 
• government regulators; and 
• external influences. 
 
For each of the parties identified above, performance indicators that are used to assess 
mode performance are documented.   
 
For the freight customer, a common set of determinants is established which could be 
applied to a general model applicable to freight mode and service provider selection for 
any freight transport task.  It is recognised that their assigned value and weighting will 
vary between tasks.  
 
For the service provider and access provider, sets of performance indicators are 
established for appraising productivity. 
 
Government regularity performance indicators are identified under broader areas 
pertaining to environmental sustainability, safety, financial responsibility, and social 
amenity.   
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Further work is required to evaluate these mode choice determinants and performance 
indicators across all modes, and to rate and rank them on a sample corridor. 
 
An understanding is provided on how the existing freight transport modes share the 
Australian freight task, which provided further insight into the corridor mode selection 
process.  The market is broken down into three freight tasks; long distance bulk, long 
distance non-bulk, and urban and middle distance non-bulk.  Rail dominates the long 
distance bulk market.  Road and rail compete for the long distance non-bulk market, 
although road has a significantly higher market share due to service flexibility and 
reliability.  The urban and middle distance non-bulk market is dominated by road due to 
its flexibility over rail and significantly better time performance. 
 
Development of the mode choice determinants and performance indicators for freight 
corridor mode selection and analysis of a sample corridor will provide a means of better 
understanding of why the freight market is segmented in this manner. 
 
Broad comparisons have been made between the principal freight transport modes of 
road and rail across a range of indicators, mostly from a government regulatory 
perspective.  Rail provided better results when a full assessment of social costs and 
benefits is considered.  However, the market forces and the fact that rail’s profitability 
has been inferior to road have resulted in the present mode shares.  It is important 
therefore to compare modes across all relevant determinants and performance indicators 
considering the viewpoint of all parties, in order to better understand the mode selection 
process. 
 
The possible effects of technology and innovation are examined as background to this 
study.  Weighting and value of performance indicators may vary considerably over time 
as a result of these effects. 
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1. INTRODUCTION 
 
1.1. Background 
 
This report provides a review of the literature as a lead activity within the project 
Evaluation of Freight Corridor Mode Performance. 
 
The project hypothesis is that the transport planning and freight transport decision 
making processes could be more well informed by developing a model that represents in 
detail the process of mode selection for corridor freight movements, using key 
performance indicators.  The overall project aim is to develop a framework for such a 
model and is to include a freight corridor in Queensland as a case study. 
 
1.2. Report Scope 
 
This report provides a review of current literature on evaluation of corridor freight 
mode performance.  The subject area has been divided into the following sections: 
 
• Freight transport corridor mode selection system, which identifies the parties 
involved in selection of corridor freight mode and examines their roles and 
interrelationships; 
• Freight corridor mode choice determinants used by customers and performance 
indicators of productivity used by service providers, access providers and 
government regulators;  
• Australian freight corridor modal competitiveness, which examines the existing 
national task breakdown between modes and reviews broad modal comparisons that 
have been reported; and  
• Technology and innovation, which discusses the possible effects of e-business and 
intermodal technology as background to the study. 
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2. FREIGHT TRANSPORT CORRIDOR MODE SELECTION 
SYSTEM 
 
It is important to gain an understanding of the parties involved in freight corridor mode 
selection, and the system in which they operate.  The literature examines the system at 
various levels of detail. Models of the system may include two parties only 
(customer/provider) or numerous parties extending to those with indirect involvement. 
 
At a fundamental level, the parties involved in the freight corridor mode selection and 
use system considered here include: 
 
• The freight customer; 
• The freight transport service provider, or operator, referred to here as the ‘service 
provider’; 
• The freight corridor access provider, referred to here as the ‘access provider’; 
• The government regulators; and 
• External influences. 
 
Figure 2.1 illustrates a model that explains the relationships between these parties, 
which are examined in further detail below. 
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FIGURE 2.1: FREIGHT TRANSPORT CORRIDOR MODE SELECTION 
SYSTEM 
 
 
2.1. Freight Customer 
 
In this system, the freight customer is defined as the party who selects the service 
provider to be used to move a freight shipment from an origin to a destination.  Service 
provider and mode are inextricably linked so it is essentially one decision. 
 
The freight customer may be the shipper (consignor), who wishes to have their freight 
transported to a receiver (consignee).  Variations may occur whereby the receiver 
selects, or is also directly involved in selection of, the freight transport service provider 
and mode. 
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A freight forwarder, also referred to as a third party logistics firm, may make all of the 
freight transport decisions for its customer, effectively becoming the freight customer in 
this system.  BTCE (1996) notes that forwarders effectively make the mode choice for 
virtually all less-than-full container load (LCL) non-bulk cargoes plus a significant 
percentage of full container load (FCL) non-bulk consignments.  For the rest of the FCL 
market, the choices made by shippers between such modes as road and rail are 
influenced by prices and service standards that are quoted for each mode by their 
forwarders.  This indicates that the freight forwarder is a key freight mode selector in 
the non-bulk freight task. 
 
With respect to decisions on service provider and mode selection, the customer may: 
 
• make case by case decisions based on the circumstances of the particular task;   
• make selection periodically as part of its internal business process; or  
• make a one-off selection which is then maintained as a traditional relationship. 
 
The customer’s service provider and mode selection process is usually based upon 
assessment of a set of determinants. These mode choice determinants range from 
quantifiable factors to ‘image’ and perception issues associated with past experience in 
dealing with a particular mode. These aspects are discussed in further detail in section 3. 
 
2.2. Service Provider 
 
The service provider, or operator, serves the freight customer by transporting freight 
from an origin to a destination.  This trip includes collection, line-haul and distribution 
components. The service provider typically has a modal orientation, such as road, rail, 
sea or air. 
 
Freight may be transported using an individual mode, such as road, rail, sea, air, or 
pipeline, or by a combination of modes.  For most non-bulk freight, a road component 
forms the collection and distribution functions, between the origin and a 
distribution/transfer centre, and between a distribution/transfer centre and the 
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destination, respectively. This may be the responsibility of the customer using their own 
trucks, the service provider, or a third party provider. 
 
A forwarder, who acts for a customer, may also serve as the service provider, thereby 
establishing a vertically integrated operation. A large customer may operate its own 
vehicle fleet thereby also serving as its own service provider (such as a large 
supermarket chain). 
 
A service provider may be a government owned corporation acting in a commercial 
manner, which is currently the case for most line haul rail providers in Australia.  In 
some environments, a government owned service provider might also act as a regulator, 
which is a situation that has been more prevalent in the past. 
 
The service provider will be the recipient of a decision made by the freight customer on 
mode performance and service provider assessment, and is therefore not explicitly 
involved in the selection process.   
 
However, service providers typically observe a set of performance indicators, which 
relates to their operating productivity and business objectives.  In turn, these indicators 
affect over time their business operation, thereby affecting over time the performance 
indicators observed by the freight customer.  This in turn affects selection of service 
provider and mode over time. 
 
2.3. Access Provider 
 
The access provider generally does not serve the freight customer directly.  Rather, it 
provides infrastructure and some services that the service provider accesses to move 
freight.  Infrastructure has a modal orientation and may consist of the following 
elements: 
 
• a road (highway); 
• a railway and terminal facilities; 
• a sea port and shipping lane; 
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• an airport and flight path; or 
• a pipeline. 
 
A service provider may access several freight corridor elements in transporting freight 
from an origin to a destination, thereby having numerous access providers. 
 
A service provider may also serve as its own access provider, which is a form of 
vertical integration. This has been common on rail in the past.  However, the trend has 
been to open access to rail track to competition between service providers. 
 
An access provider may be a private business or a government owned corporation 
acting in a commercial or non-commercial manner.  In some environments, a 
government owned access provider might also act as a regulator, which is a situation 
that still occurs on many road networks and has been common in the past on rail 
corridors.  For public roads, regulation is necessary to ensure safety, efficiency, and 
amenity for all road users, who include the general public as well as the freight 
operators. 
 
The access provider will be the recipient of a decision made by the service provider to 
access its infrastructure and is therefore not explicitly involved in the service provider 
and mode selection process.  
 
However, access providers typically observe a set of performance indicators, which 
relates to their operating productivity and business objectives.  In turn, these indicators 
affect over time the business operation and hence the performance indicators observed 
by the service provider and ultimately by the customer.  This affects service provider 
and mode selection in the medium term. 
 
2.4. Government Regulators 
 
The term government regulators covers the government bodies that regulate the 
provision of freight transport and freight corridor access services.   It is recognised that 
all levels of government are involved in the regulation process. 
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Government regulators are generally not directly involved in the freight customer’s 
service provider and mode selection process; however, their combined actions have the 
potential to significantly affect the process. 
 
Responsibilities of government regulators include: 
 
• collection of taxes associated with: costs of provision of some corridor access 
infrastructure (i.e. roads via fuel tax and vehicle registration), regulation and in 
some environments broader costs associated with ameliorating the impacts of freight 
transport; 
• regulating freight transport service provision for reasons of safety, efficiency and 
amenity; 
• planning for future land use and transport infrastructure provision (via integrated 
transport plans and corridor plans) and implementing its provision; and 
• ensuring freight transport is delivered according to governments’ social, 
environmental and economic objectives, which are developed in context of 
community expectations. 
 
As stated above, government has served and continues to serve other roles in the 
provision of freight transport.  This may either occur in a competitively neutral or non-
neutral environment. 
 
Government regulators must also observe a set of performance indicators, one that 
allows them to assess the performance of individual elements within the system, as well 
as the system overall, against their objectives. This assists them in decision making over 
freight transport regulation.  In turn, the performance indicators affect the business 
operations of freight transport service providers and freight corridor access providers, 
thereby affecting the performance indicators observed by those parties and ultimately 
those observed by the customer.  This then affects service provider and mode selection 
over time. 
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2.5. External Influences 
 
A vast number of external influences exist, which affect decision making by all of the 
parties in the system and consequently the process of freight mode selection and use. 
 
Some of the more significant medium to long term influences are related to either 
demand or supply. Those on the demand side include: 
 
• demographic and socioeconomic changes; 
• level of economic activity at the national and regional levels; 
• changes in business practices and priorities; and 
• decline or growth in specific markets (for example, imports and exports). 
 
Those on the supply side include: 
 
• innovation of new technology and phasing out of superceded technology; 
• changes in business practices and priorities;  
• government privatisation and competition policies; and 
• transport and logistics industry restructuring due to e-commerce up-take. 
 
For example, BTE (1999) examines a forecast of change in freight mode shares on the 
Sydney-Melbourne corridor as a result of the implementation of the new “RailRoad” 
intermodal technology.  That study indicates that reductions in mode share for 
traditional road and traditional rail could be substantial and occur very rapidly.  BIS 
Shrapnel (1999) forecast changes in the Australian freight task as a result of forecast 
economic downturn combined with forecast improvements in rail competitiveness.  Its 
forecasts indicate that changes in the economic environment and business practices 
could also lead to changes in mode share overall. 
 
Section 5 discusses the possible effects associated with the introduction of new 
technology and innovation in the transport industry. 
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It is envisaged that effects due to external influences may affect the weighting of, and 
value assigned to, mode choice determinants. However, the model of the mode selection 
system should be sufficiently broad to accommodate such variations. 
 
 
3. FREIGHT CORRIDOR MODAL PERFORMANCE 
ASSESSMENT 
 
This section summarises determinants that have been used in freight transport service 
provider and mode selection, along with broader performance indicators used in modal 
comparison.  The performance indicators pertain to each of the parties identified in 
section 2. 
 
3.1. Customer Mode Choice Determinants  
 
Customer mode choice determinants have been identified from the literature, which has 
examined a variety of user groups, from general to mode specific.   
 
Some freight customers may need to use a specific mode that is the only mode suitable 
for the particular freight task.  On the other hand, whenever a choice of mode is 
available, a set of determinants common to the feasible modes is useful.  
 
Overall 
 
It is necessary to include some basic determinants that test the suitability of the 
particular service provider and mode for the task, bearing in mind its attributes, which 
include: 
 
• task size, measured in number and frequency of shipments; 
• shipment size, measured in tonnes; 
• value of shipment, measured in $/tonne; and 
• density of shipment, measured in cubic metres/tonne. 
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The determinants considered to be appropriate are: 
 
• feasibility to provide service for the particular freight transport task, and 
• ability to provide service at the time required. 
 
More specific determinants are now given. 
 
Research into elasticities of freight transport mode choice selection and market 
elasticities of demand for modal services as discussed in Adbdelwahab (1998), Picard 
and Gaudry (1997) and Oum et al (1992) have limited the explanatory variables used to 
a small number, including (from most to least common): 
 
• freight charge; 
• transit time; 
• reliability (on-time performance); 
• commodity value; and 
• commodity density. 
 
Cambridge Systematics, Inc. (1995) in analysis of demand elasticities concluded that 
mode choice is determined by perceived total logistics cost (TLC) for using the various 
modes or combinations that were practical for the given shipments.  TLC consists of 
freight charges plus a variety of other logistics costs including inventory costs, stock-
out costs etc, incurred by the shipper or receiver.  It was suggested that any change in 
TLC for a particular mode could result in diversion to/from a competing mode. 
 
The number of explanatory variables in the statistical models has generally been limited 
in order to enable tractable models to be developed, calibrated and applied.  It has been 
noted in the literature that data needed for calibration of these models is difficult to 
obtain and that models have often been applied out of context, in environments that are 
markedly different from those in which the calibration data was obtained. 
 
BIS Shrapnel (1999) identified from its study on freight in Australia that the importance 
of service quality factors for the selection of freight transport suppliers is relatively 
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consistent across the types of freight it assessed.  Typically, the most important factors 
that customers considered in selecting and assessing the supplier were: 
 
• reliability of delivery (on-time); 
• care of goods; 
• reliability of pick up (on-time); 
• ability to respond to customer needs; and 
• proactive notification of problem. 
 
Rail Specific 
 
In a survey of Australian freight forwarders by BTCE (1996) respondents were asked to 
rank rail service characteristics in order of importance in determining service quality.  
The five determinants ranked highest in order were: 
 
• punctuality of trains, defined by delay between the time cargo is scheduled to be 
available for collection and the time it is actually made available for collection; 
• cargo damage, defined by the number of incidents in which cargo or containers are 
damaged and the value of the damage; 
• terminal efficiency, measured by truck turn around times; 
• wagon availability, measured by the number of container slots available on each 
service as a percentage of number scheduled to be available or the number requested 
by customers; 
• short-shipping, defined as the number of containers left behind by trains on which 
they were booked, as a percentage of the number accepted for transport; and 
• billing errors, defined by the number of credit notes issued by the rail carrier, 
expressed as a percentage of the number of containers carried. 
 
BTCE (1996) noted that some of the priorities of freight forwarders conflicted with 
conventional wisdom and that service quality cannot simply be measured in terms of 
time or speed.  Neither can the cost of service quality be measured solely in terms of the 
opportunity cost of capital that is invested in inventories (i.e. TLC less freight charge).  
On the contrary, bad service in the form of late deliveries or cargo damage can inflict 
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quite significant costs on operators and consignors even for certain types of low value 
cargo or empty containers.  This belies the view that rail customers make a trade off, 
accepting lower service standards for lower freight rates.   
 
BTCE argued that shippers may be accepting what is suggested as marginally longer 
transit times compared with road, in return for lower rates, but that it was debatable 
whether they would willingly accept lower standards in other characteristics, such as 
cargo handling or punctuality. 
 
It was noted that train delays can also affect container utilisation.  In peak periods 
forwarders aim for one day turn around times, collecting a container from a train in the 
morning, taking it to the consignee for unloading and then returning it to the terminal in 
the afternoon.  If quick turnaround is not possible, forwarders will require additional 
containers.  Train delays can also affect operating costs (labour, wages, low utilisation) 
and hence prices charged. 
 
As suggested by BTCE (1996) other complex factors may come into play in the 
decision process, which relate to the relationships and cooperation between shipper, 
forwarder, receiver, and operator.  These relate to bearing of risk, bargaining positions, 
cost and resource minimisation, both internal and external to the freight transport task 
itself. 
 
BIE (1992a) stated that price and timeliness/reliability were revealed in discussions to 
be by far the two most important concerns to users of rail freight services.  Reliability of 
rail services was of prime importance for non-bulk (general) freight shippers, but was 
not so important for bulk users, except where adequate stockpiling did not exist at port.  
It was identified that reliability included many factors, including transit time in 
comparison with road, on-time performance, availability of wagons, and terminal 
performance. 
 
BIE (1993) reviewed international performance indicators for rail, which included 
customer orientated determinants related to: 
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• price, measured as revenue per net tonne kilometre (c/ntkm); 
• reliability, using on-time running, measured as percentage of trains arriving within 
30 minutes of scheduled arrival time; and 
• ratio of lost and damaged freight, in terms of freight claims to revenue (c/$100). 
 
Further, BIE (1993) noted that, while Australian users have clearly stated that reliability 
was much more important than transit time, a comparison of transit times was still 
valuable because shippers of time sensitive goods will account for transit times when 
making basic mode choices. 
 
BIE (1992a) had earlier suggested that on-time arrival performance of trains may not be 
particularly relevant to the customer, when terminal performance, such as availability of 
gantry or wagons, is considered.  The freight terminal performance measure cited was 
the proportion of freight in terminals cleared within 30 minutes.   
 
Similarly, BTCE (1996) noted that it was cargo availability time that was more 
important than train arrival.  This is because, following train arrival, wagons require 
placement for unloading and cargo checking against manifest before containers are 
declared available for collection by receivers.  This process can cause delays within the 
terminal.  Further, overnight train arrivals may be on-time but cargo unavailable until 
the terminal is open the next day and cargo unloaded.  BTCE (1996) states that 
operators are now measuring the actual cargo availability times. 
 
Road Specific 
 
BIE (1992b) reviewed international performance indicators for road, which included 
customer orientated determinants, stating that these typically cover areas like price, 
timeliness and other aspects of service quality.  In a survey of Australian road freight 
transport providers and users the determinants stated in order of priority were: 
 
• price (road freight priced in a number of ways, c/ntkm adopted to allow 
comparison); 
• on-time delivery (as a percentage); 
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• care of goods (loss and damage rates and claims paid as percentages); 
• availability of equipment to meet user needs; 
• timely and acceptable response to queries; 
• invoice accuracy; and 
• shipment tracing. 
 
Liability coverage and claims procedures were judged to be less important, which was 
attributed as being possibly due to low loss and damage rates in the industry.  It was 
noted that suitability of electronic data interchange capability had not yet become a key 
factor of concern.  However, as discussed in section 4.3, e-business capability of service 
providers is increasing in demand, and as such electronic data capability is becoming a 
requirement. 
 
Summary 
 
It is apparent that a variety of determinants are observed by industry in selection of 
service provider and mode.  Table 3.1 lists these determinants and measures for them.  
A general model that is applicable to any freight transport task will need to consider 
such determinants, recognising that their weighting and assigned value will vary 
between tasks. 
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Table 3.1 Suggested Mode Choice/Service Provider Determinants Across Freight 
Modes and Tasks 
Determinant Measure 
Feasibility of providing service Yes/No 
Availability to provide service at the time 
required 
Yes/No 
Transit time Hours 
Freight charge Mass-distance charge (cents/ntkm) 
Other logistics costs Cost per tonne (cents/tonne) 
Punctuality2 Minutes late on pick-up1 
Minutes late on delivery1 
Freight handling care2 Insurance claims/revenue (c/$100) 
Customer care Good/fair/poor 
Electronic tracking capability Good/fair/poor/none 
Electronic booking capability Good/fair/poor/none 
Electronic payment capability Good/fair/poor/none 
Billing Accuracy2 Credit notes/volume (notes/container) 
1. or goods handover at terminal 
2. Or broad customer scale (good/fair/poor) 
 
As noted in Table 3.1 some determinants may be measurable by the service provider; 
however, it is likely that customers do not have access to this information for 
assessment purposes.  It is suggested that customers employ more subjective assessment 
here.  An appropriate scale may be “good/fair/poor”. 
 
Further work is required to evaluate, rate and rank amongst a customer set measures of 
these determinants for a particular freight corridor. 
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3.2. Service Provider Performance Indicators 
 
This section discusses performance indicators that are used in assessing productivity of 
service providers. 
 
For all modes, the fundamental performance indicator is cost, which can be measured 
on a mass distance basis (c/ntkm) or a time basis ($/hr).  For example, in an analysis of 
competitive neutrality between road and rail, BTE (1999) estimated individual 
component costs and the total input costs for each mode on a mass distance basis. 
 
Other indicators of service providers have been developed on a mode specific basis in 
the literature and are listed below. 
 
Rail Specific 
 
BIE (1993) identified a number of systemwide operating efficiency performance 
indicators for rail.  These have a time basis (per annum).  Labour productivity measures 
include: 
 
• ntkm/freight employee, and 
• average freight revenue per freight employee ($’000/freight employee). 
 
Capital productivity measures include: 
 
• locomotive productivity, measured in ntkm/freight locomotive; 
• wagon productivity, measured in ntkm/freight wagon; and 
• track productivity, measured in ntkm per track km (actually a freight transport 
access provider measure). 
 
A measure of efficiency of capital utilisation was also identified, as the ratio of gross 
tonne km to net tonne km (gtkm/ntkm).  It is important to bear in mind that his measure 
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is biased by consist makeup and vehicle mass characteristics; however, is still a widely 
used indicator. 
 
Road Specific 
 
BIE (1992b) identified a number of operating efficiency performance indicators for road 
through discussion with various sectors of the Australian and overseas road freight 
industry.  The six most common indicators, which are measured on a time basis (per 
annum), include: 
 
• vehicle utilisation, measured by total km/vehicle; 
• vehicle productivity, measured by total ntkm per vehicle; 
• vehicle productivity, measured by km travelled empty as a proportion of total km 
travelled; 
• vehicle productivity, measured by average load as a proportion of full load capacity; 
• driver productivity, measured by number of km per driver; and 
• fuel productivity, measured by fuel usage by vehicle type. 
 
Summary 
 
Service provider performance indicators were only identifiable for rail and road.  Table 
3.2 lists these indicators and measures for them that would be expected to be suitable 
across all modes.  A general model that is applicable to any provider should consider 
these indicators, recognising that their weighting and assigned value will vary between 
corridors and markets. 
Physical Infrastructure Centre, QUT 
 18
 
Table 3.2 Suggested Service Provider Performance Indicators Across Freight 
Modes and Tasks 
Performance Indicator Measure 
Freight transport cost Mass-distance cost (cents/ntkm) 
Labour productivity Mass-distance moved per employee over a 
period of time (ntkm/employee/annum) 
Capital productivity Mass-distance moved per unit of capital 
cost over a period of time 
(ntkm/$capital/annum) 
Vehicle productivity Mass-distance moved over total travel per 
vehicle over a period of time 
(ntkm/km/vehicle/annum) 
 
 
Further work is required to evaluate, rate and rank amongst a service provider set 
measures of these indicators for a particular freight corridor. 
 
3.3. Access Provider Performance Indicators 
 
This party in the system has received little individual attention in the literature.  For 
roads, this is principally due to the mixed functions provided to the community overall.  
For rail, this is because of the recent separation between freight transport service 
provider and corridor access provider. 
 
As stated previously, the principal performance indicator for rail corridor access is track 
productivity, measured in ntkm/track km on a time basis (commonly per annum).    
Performance indicators for road, air and sea have not been identified in the literature. 
 
Each infrastructure type has special attributes that make it difficult to develop a 
common set of performance indicators.  For example, road operators must observe 
indicators that relate to total traffic utilisation and operating efficiency. 
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One performance indicator that may be appropriate across all modes on a corridor is: 
 
• corridor link freight productivity, measures as: Mass-distance per link kilometre 
over a period of time (ntkm/km/annum) 
 
Further work is required to evaluate, rate and rank amongst an access provider set 
measures of the indicator for a particular freight corridor. 
 
3.4. Government Regulatory Performance Indicators 
 
In regulating freight transport, governments must ensure that their social, economic and 
environmental objectives are met.  Regulators should therefore monitor broader 
performance indicators.  Those identified from review of the literature can generally be 
broken down into the following areas: 
 
• environmental sustainability; 
• safety; 
• financial responsibility; and 
• social amenity. 
 
Table 3.3 lists for each of these areas, performance indicators and measures for them 
that would be expected to be suitable across all modes.  A general model that is 
applicable to any provider should consider these indicators, recognising that their 
weighting and assigned value will vary between corridors and markets. 
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Table 3.3 Suggested Government Regulator Performance Indicators Across 
Freight Modes and Tasks 
Performance Indicator Measure 
Environmental Sustainability 
Energy use Mass-distance energy use (J/ntkm) 
Fuel use Mass-distance fuel consumption (L/ntkm) 
Vehicle productivity Mass-distance moved over total travel per 
vehicle over a period of time 
(ntkm/km/vehicle/annum) 
Greenhouse gas (GHG) emissions Mass per mass-distance moved (g/ntkm) 
Particulate emissions Mass per mass-distance moved (g/ntkm) 
Safety 
Accident rate Mass-distance accident rate (acc/ntkm) 
 Fatality rate Mass-distance fataility rate (fat/ntkm) 
Accident cost Mass-distance accident cost (cents/ntkm) 
Financial Responsibility1 
Freight charge Mass-distance charge (cents/ntkm) 
Freight cost Mass-distance cost (cents/ntkm) 
Social Amenity1 
Noise levels Noise intensity measures 
1. Project-specific measures also appropriate 
 
 
Other social amenity and financial responsibility indicators would be more specific to 
individual infrastructure projects on a life cycle basis. 
 
Further work is required to evaluate, rate and rank amongst government regulators 
measures of these indicators for a particular freight corridor. 
 
In addition to these broader indicators, depending on their role, governments are also 
cognizant of the performance indicators that relate to the other parties as outlined above 
and to the mode choice determinants of customer’s freight. 
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4. AUSTRALIAN FREIGHT CORRIDOR MODAL 
COMPETITIVENESS 
 
4.1. Existing Task Breakdown Between Modes 
 
It is important to understand how the existing freight transport modes share the 
Australian freight task to gain further insight into the corridor mode selection process.  
This has received considerable attention in the literature. 
 
Of note, BTE (1999) examined modal competitiveness in the freight market.  It 
concluded that: 
 
• the interstate bulk freight market is better suited to specific modes such as rail and 
sea, than road; 
• the main market for competition between road and rail is the (long distance, line 
haul) non-bulk freight market.  Rail’s share of this market in 1995 was 32% while 
road’s was 57%; 
• Within the non-bulk freight market, rail charges a significantly lower rate, reflecting 
its lower quality of service; 
• within the non-bulk freight market, rail is generally limited to the full container load 
(FCL) segment.  For less-than-full  container loads (LCL), road dominates albeit at 
a significantly higher cost due to terminal costs; 
• within the non-bulk freight market, coastal shipping is generally not competitive 
except on the irreducible trades between the mainland and Tasmania, and between 
the eastern states and Western Australia and the Northern Territory; 
• rail and sea have difficulty competing with road for the shorter distance, intra-state 
non-bulk freight market (note: Queensland as an exception has a long distance intra 
state market where rail competes); and 
• the long run trend in which rail continues to lose mode share to road in spite of 
lower freight rates is due to the impact of non price factors such as reliability and 
flexibility. 
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BIE (1993) examined modal competitiveness between road and rail.  From this 
document it is noted that the bulk freight market is predominantly intrastate, and rail has 
been dominant.  However, road can be competitive in some markets (quarry products, 
petroleum, grain) due to increased flexibility in its networks.   
 
BIS Shrapnel (1999) acknowledged that the general (non-bulk) freight market is 
dominated by road, but that it believes that a prime interest of the rail freight industry is 
to gain a more significant share.  It argues that (in contrast to BTE, 1999) while rail is 
no longer losing volume of any consequence to road, real growth is still beyond the 
industry’s grasp and that many challenges still existed in rail reform. 
 
Discussion 
 
Based on a review of the literature, the Australian freight market is broken down into 
the following freight tasks for the purposes of this discussion: 
 
1. long distance bulk; 
2. long distance non-bulk; and 
3. urban and middle distance non-bulk. 
 
Rail has a competitive advantage and consequently dominates the long distance bulk 
freight market, except for sea on specific tasks such as ore transport to refinery and 
pipeline for specific tasks such as unrefined oil and gas from minefield to refinery. Road 
has some market share due to its flexibility within specific tasks such as petroleum 
products and grain transport in some areas.  Rail’s dominance of the bulk freight market 
is primarily due to its price competitiveness. 
 
Rail and road compete for the long distance non-bulk market, although road has a 
significantly higher market share for reasons of flexibility and reliability.  Rail is suited 
to specific market segments where cost efficiencies can be gained and service provided 
reasonably reliably, such as the line haul FCL market.  However, some rail services 
compete in the LCL market on some corridors (such as Q-Link on the Brisbane-Cairns 
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corridor).  Further, new intermodal technology may enable an increase in rail’s share of 
the LCL segment.   
 
Sea dominates the long distance non-bulk market on the mainland – Tasmania corridor.  
It has a stable market share on the long distance corridors between the eastern states and 
Western Australia, and the Northern Territory, where long distance efficiencies are 
gained by this mode. 
 
Air is suited to high priority, small shipments on segments of the long distance non-bulk 
market where speed is critical. 
 
The urban and middle distance non-bulk market is dominated by road due to its 
flexibility over rail and significantly better time performance. 
 
Development of the mode choice determinants and performance indicators for freight 
corridors and analysis of a sample corridor will provide a means of better understanding 
why the freight market is segmented in this manner. 
 
4.2. Broad Modal Comparisons 
 
A number of authors have made comparisons between the principal freight transport 
modes of road and rail across a range of performance indicators, which are mostly from 
a government regulatory perspective. The following are some broad comparisons, 
although they need to be qualified, since specific circumstances may change the results 
significantly: 
 
• rail can be three times more energy efficient than road per tonne of freight hauled; 
• rail can be over seven times safer in terms of fatalities than road (Hill 1999); 
• rail can be over 30 times safer per tonne of freight hauled than road (ARA, 1999a); 
• road degradation has been noted as an impact of road that does not occur with rail; 
• neither road nor rail bear the full social costs of freight transport impacts; if they 
were borne rail costs would rise by 4% while road costs would rise by 12% (BTE, 
1999); 
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• there is public support for investment towards improving the rail network and it is 
believed that freight on rail is safer, more efficient, and environmentally sound than 
on road (ARA, 1999c); 
• urban road congestion is worsening and significant freight delays can be expected in 
the future as a result; 
• significantly more money has been spent on road infrastructure than rail which has 
prevented rail from improving its competitiveness and hence market share (Hill, 
1999); and 
• road freight transport has generally always been profitable while rail freight 
transport has in the past in many instances run at a loss. 
 
Most of these comparisons promote rail as superior to road, based on a range of broad 
indicators.  However, the present mode share is a result of the choice determinants 
discussed in section 3.1, rather than any full social cost-benefit assessment of each 
mode.  
 
It is, therefore, important to compare modes across all relevant determinants and 
performance indicators considering the viewpoints of all parties in order to understand 
the mode selection process. 
 
 
5. TECHNOLOGY AND INNOVATION 
 
This section discusses the possible effects of e-business, intermodal technology and 
Intelligent Transport Systems (ITS) as background to the study. The mode choice 
determinants and performance indicators discussed above may change considerably 
over time, along with their rating and ranking, as a result of these effects. 
 
5.1. E-Business 
 
Blake (2000) noted that the impact of e-business on strategic freight corridors will be 
felt on both the demand and supply side.  The technological advances that have led to 
an increase in e-business have also led to the spatial relocation of businesses both for 
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manufacturing and back room operations.  This has changed the freight flow patterns 
for both production and consumption.  
 
Ferreira et al (2000) examined information, opinions and evidence about the ways in 
which e-business and transport will influence eachother over the decade 2001 – 2010.  
The following transport implications were highlighted: 
 
• There will be higher level of demand for goods and services due to wider choices 
and savings resulting from improved business and administrative practices.  This 
will translate into higher freight demands, mainly on road due to its greater 
flexibility, level of service, and the potential for value added services. 
• Total vehicle kilometres travelled (VKT) by light commercial vehicles (LCV) will 
increase for local centre/home delivery, which will increase congestion unless 
spread to off-peak periods, and increase output of pollutants. 
• Customer expectations and requirements for logistics and distribution tasks will 
increase, particularly greater flexibility and reliability in the delivery of goods and 
services. 
• Information will be a critical component in the supply chain and will drive logistics 
changes.  Business to business (B2B) tasks will increase meaning less predictable 
flows, smaller orders placed more frequently, and some parts of the distribution 
chain disappearing altogether. 
• Rural and remote communities will have higher expectations as they take up e-
commerce opportunities, requiring better standards of service from logistics 
providers, and increasing their demand for freight movements. 
• Air travel will increase for business and pleasure as costs reduce and better access to 
information becomes available. 
• Small, centrally located freight terminals will replace larger warehouses on urban 
fringes dispersing freight flows particularly in urban areas. 
• Transport network performance will improve through interfaces between ITS 
components and data interfaces to B2B and Business to Consumer (B2C) systems.  
This has the potential to reduce transit times and trip time variability, and improve 
safety, through improved knowledge of transport demand and real time data on 
system performance. 
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5.2. Intermodal Technology 
 
BTE (1999) examined the sequential growth of transport modes and suggested that a 
new mode or technology may appear in the early 21st century that might successfully 
compete in the Australian freight transport market.  Such a plausible competitor may be 
“RailRoad” technology, where all sizes of truck trailers (essentially LCL) can be loaded 
onto flatbed rail cars at outer urban intermodal facilities.  This avoids urban rail 
congestion while using the line haul advantage of rail, combined with the door-to-door 
road delivery of LCL container freight consignments.  The technology is already being 
applied successfully on a number of US freight corridors. 
 
Door to door LCL costs with this new technology are likely to be above prevailing FCL 
rates (BTE, 1999).  However, it is anticipated that they will be about 25% below 
competing road LCL rates, where freight must be consolidated from smaller trucks at 
road terminals then deconsolidated at the destination. 
 
Physical impediments to the adoption of this intermodal technology relate to clearances 
for loaded rail vehicles, particularly in station areas, tunnels, and where overhead 
catenary exists to provide electric traction.  This is particularly a consideration on the 
narrow gauge, partly electrified line haul rail corridor between Brisbane and Cairns. 
 
RailRoad Technologies’ business expectation is that this technology would achieve up 
to 50% share of all Sydney-Melbourne freight traffic within five years (BTE, 1999).  
This would correspond in a fall of 40% in conventional road to around 38% and in 
conventional rail a fall of 5% to about 5% for that market.  
 
Double stacking of containers on rail vehicles provides considerable cost saving on long 
distance rail freight corridors.  The practice has been adopted successfully in the US and 
on the Adelaide to Perth rail corridor.  As with RailRoad, physical impediments to the 
adoption of this practice relate to vertical clearances and axle load limitations.  Hill 
(1999) noted that double stacking was not presently possible on the entire east coast 
network. 
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Morton (1999) identified that from the perspective of American rail operators, 
intermodal business was growing well.  In that country, intermodal rail traffic increased 
from 3 million containers in 1980 to almost 9 million in 1997, providing 17% of 
revenue for railroads.  Two technological innovations were identified as examples of 
why intermodal is the fastest growing segment of the rail industry.  One is double 
stacking of containers on rail vehicles.  The other is RoadRailer technology, where 
trailers with detachable steel wheels and rubber tyres can travel directly on either rail or 
road. RoadRailer technology has been operated in Australia on the Melbourne-Adelaide 
and Adelaide-Alice Springs corridors with limited market penetration. 
 
Morton (1999) identified that intermodal technology has resulted in the industry 
becoming the delivery vehicle for the new economy, demonstrating a remarkable 
flexibility and quickly shifting resources to accommodate rapid change in the global 
market place.  Further, intermodal freight transport incurs the lowest social cost in terms 
of fuel consumption and pollution. 
 
5.3. ITS in Freight Transport 
 
Ferreira et al (2000) identified the main likely benefits of ITS in freight handling in 
terms of: 
 
• Travel time saving through enhanced accident/incident detection, improved 
clearance times and re-routing of traffic; 
• Travel time savings through reduced levels of recurrent congestion; 
• Improved road safety; 
• Reduced vehicle operating costs; and 
• Reduced vehicle emissions. 
 
Blake (2000) noted that there is increasing technological sophistication and vertical 
integration of those involved, including specialist transport companies and firms with 
major own-fleet operations. 
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Morton (1999) noted that GE Information Services (GEIS) identifies, for intermodal 
freight transport companies, the need to find a way to provide customers with visibility 
into shipment delivery-estimated time of arrival and so forth and to be able to notify 
them if there is some change in that event.  GEIS indicates that a variety of technologies 
exist that allow companies to accomplish this.  One technology is external 
communications gateways, which allow the customer to access via the internet, with 
username and password, the freight operator’s system in order to interrogate it on the 
status of their freight consignment. 
 
Morton (1999) identified another technology called RSVP used by a rail operator to 
manage capacity.  The system is designed to permit capacity to be established for 
intermodal trains based on destination, type of equipment and service levels.  This 
service improves service and reliability by ensuring capacity is available for customers 
who have reserved space for freight prior to train departure. 
 
6. CONCLUSIONS 
 
This report reviewed the literature as a lead activity within the project Evaluation of 
Freight Corridor Mode Performance. 
 
An understanding was provided of the parties involved in the freight corridor mode 
selection system, which include: 
 
• the freight customer; 
• the freight transport service provider; 
• the freight corridor access provider; 
• government regulators; and 
• external influences. 
 
The involvement of each of the parties was examined, which will form the basis for 
development of a model to explain freight transport corridor mode selection. 
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For each of the parties identified above, performance indicators that are used to assess 
mode performance were documented.   
 
For the freight customer, a common set of determinants was established which could be 
applied to a general model applicable to freight mode and service provider selection for 
any freight transport task.  It was recognised that their assigned value and weighting 
will vary between tasks.  
 
For the service provider, a common set of performance indicators was established for 
appraising productivity. 
 
Similarly, a common set of performance indicators was established for appraising 
productivity for the access provider. 
 
Government regularity performance indicators were identified under broader areas 
pertaining to environmental sustainability, safety, financial responsibility, and social 
amenity.   
 
Further work is required to evaluate these mode choice determinants and performance 
indicators across all modes, and to rate and rank them on a sample corridor. 
 
An understanding was provided on how the existing freight transport modes share the 
Australian freight task, which provided further insight into the corridor mode selection 
process.  The market was broken down into three freight tasks; long distance bulk, long 
distance non-bulk, and urban and middle distance non-bulk. 
 
It was identified that rail dominates the long distance bulk market.  Road and rail 
compete for the long distance non-bulk market, although road has a significantly higher 
market share due to service flexibility and reliability.  The urban and middle distance 
non-bulk market is dominated by road due to its flexibility over rail and significantly 
better time performance. 
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Development of the mode choice determinants and performance indicators for freight 
corridor mode selection and analysis of a sample corridor will provide a means of better 
understanding of why the freight market is segmented in this manner. 
 
Broad comparisons have been made between the principal freight transport modes of 
road and rail across a range of indicators, mostly from a government regulatory 
perspective.  Rail provided better results when a full assessment of social costs and 
benefits is considered.  However, the market forces and the fact that rail’s profitability 
has been inferior to road have resulted in the present mode shares.  It is important 
therefore to compare modes across all relevant determinants and performance indicators 
considering the viewpoint of all parties, in order to better understand the mode selection 
process. 
 
The possible effects of technology and innovation were examined as background to this 
study.  Weighting and value of performance indicators may vary considerably over time 
as a result of these effects. 
 
 
7. NEXT STEPS 
 
Following the conclusions of this literature review the next steps in the project 
Evaluation of Freight Corridor Mode Performance will be to: 
 
• further develop the model to explain the freight corridor mode selection system; 
• further develop the set of performance indicators applicable to each party in the 
system on a common basis; 
• identify a sample corridor for application of the model and performance indicators; 
• for the sample corridor, obtain data on the existing freight task (e.g. from 
FreightInfo) and identify the task breakdown amongst commodity type and mode.  
Summarise the corridor freight task; 
• identify for the sample corridor a representative sample of the parties involved in 
mode selection for consultation; 
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• develop and conduct a survey questionnaire asking respondents to weight and value 
performance indicators that are relevant to them for their freight tasks on the sample 
corridor; 
• develop matrices for each set of performance indicators that can be used within a 
model of the mode selection decision structure; and 
• analyse the models of the freight corridor mode selection system and the decision 
structures to better understand freight mode utilisation on the freight corridor. 
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